We present thermodynamic estimates of pressures, temperatures, and volatile activities in vailably deformed, gabbroic to granitic, Cretaceous (115-100 Ma) batholithic and framework rocks of the Tehachapi Mountains, southernmost Sierra Nevada, California. A1 contents of hornblende in granitoids imply igneous emplacement at --8 kbar in the southernmost Tehachapi Mountains, with lower pressures (3-7 kbar) to the north. Metamorphic pressures and temperatures for garnet-bearing paragneisses and metaigneous rocks were estimated on the basis of garnet-homblende-plagioclase-quartz and garnet-biotiteplagioclase-quartz thermobarometers. Disparate results for the metaigneous rocks from the latter system point to the difficulty of applying pelite-based thermobarometers to rocks of contrasting composition and mineralogy. Preferred pressures cluster at 7.1-9.4 and 3.6-4.3 kbar. Incomplete knowledge of reaction histories, however, limits our interpretation of the lower pressures because they are minimum estimates. The --4-kbar samples are all from a small area and, if our interpretation is correct, they imply a local, more shallow event superimposed on crust once residing at deeper structural levels. Garnet-hornblende and garnet-biotite temperatures are less coherent, likely owing to retrograde Fe-Mg exchange, and range from 570 ø to 790øC. The majority of the rocks are igneous and affected by recrystallization and metamorphism during subsolidus cooling; they are not granulites. Country rock paragneisses are typically migmatized at "peak" metamorphic conditions near that of the wet granite solidus (>690øC). Veinlike paragenesis of garnet in the metaigneous rocks suggests formation related to the presence of a fluid phase. Thermodynamic estimates of volatile activities in these garnet-bearing assemblages suggest variable, mostly CO 2-rich fluid compositions, in the absence of any pervasive fluid flux. The igneous rocks of the Tehachapi Mountains were thus intruded at depths of --30 km, making them the deepest known exposed components of the Cretaceous Sierra Nevada batholith. Metamorphism occurred at these great depths and, perhaps, locally after --15 km of uplift before --87 Ma, implying an uplift rate of 1.2 mm/yr. (A minimum uplift rate is 0.6 mm/yr.) This original uplift and possible subsequent uplift events may have been related to underthrusting of a block of Rand Schist from what is now the southeast, with concomitant widespread ductile deformation. The deduced pressure-temperature and uplift history is similar to those of highpressure/high-temperature Cretaceous batholithic rocks in Salinia and the San Gabriel Mountains, but direct correlation is not wan-anted. When compared with higher-level intrusive rocks from analogous portions of the Sierra Nevada batholith to the north, the Tehachapi rocks reveal a deep batholith that is more heterogeneous and somewhat more mafic on average, but displaying a similar level of isotopic hybridization involving mantle and crustal sources. The batholith is quartz-rich at these levels, suggestive of a weak, ductile middle crust susceptible to prolonged deformation and possible delamination.
The metasedimentary framework rocks consist of high-grade equivalents of quartz-rich clastic and calcareous, continental margin-type assemblages with subordinate metavolcanic rocks. To the north (Figure 1 ), these are termed Kings Sequence, after Saleeby et al. [1978] , and are correlated with pendants exposed throughout the southern Sierra Nevada. Ross [1989] refers to these as "the metasedimentary rocks of Keene." The highergrade, more gneissic metasedimentary rocks of the main part of the study area (the Comanche Point and Grapevine Canyon paragneisses) are not termed Kings Sequence, but they are compositionally similar. These rocks occur at many scales, from mappable, kilometer-scale bodies to outcrop size enclaves. They are always structurally concordant with the Larger garnets typically have highly irregular forms with some euhedral faces (Figure' 5b ). These forms are interpreted to be features of growth rather than resorption because of the lack of Fe-Mg phases that would be resorption products. A subsolidus origin for garnet 'is supported by its presence in discordant veins and haloes ( Figure 5 ) and by discordance between individual garnet grains 'and synmagmatic foliation in the host gabbro. Garnet was never found in apparent textural equilibrium with hypersthene. Zones of garnet growth in the Tunis Creek unit are concentrated in a tongue of well-foliated, commonly recrystallized gabbro in the northeast sector of the unit. Another general garnet occurrence in mafic rocks is in diorites along contacts with more felsic intrusive rocks in heterogeneous zones of the Tehachapi gneiss complex suite. Garnet is also found in tonalite bodies, particularly in biotite tonalites of the gneiss complex of the Tehachapi Mountains. Textural evidence is ambiguous as to whether the garnet is magmatic or subsolidus, owing chiefly to the disturbance of igneous textures by plastic deformation. Nevertheless, the garnet typically shows apparent equilibrium textures with all the primary tonalite phases (biotite, quartz, plagioclase, hornblende), with no segregations or haloes as in the gabbros.
In some tonalites, such 'as the garnet-biotite tonalite of Grapevine (sampl e GV-2), the garnet is distributed evenly throughout the rock, consistent with a possible magmatic origin. In others (e.g., PC-107a), the garnet is more localized and defines crude veins, consistent with a subsolidus origin. Rarely, in the Pastoria Creek unit, large garnet porphyroblasts occur with felsic haloes in hornblende-rich tonalites.
Cummingtonite is present in many gabbroic rocks, after hypersthene and in reaction relation with hornblende. In some gabbros, hypersthene is replaced 6y rims of cummingtonite, which are in turn rimmed by hornblende. Cummingtonite also occurs in patchy exsolution zones in hornblende. Another interesting subsolidus assemblage occurs in troctolite of a gabbroic plug in the Pastoria Creek quartzofeldspathic gneiss. Here primary calcic plagioclase and olivine have reacted to produce coronas of orthopyroxene and symplectic hornblende and green spinel. Other minor phases present include chromiterich spinel (picotite), Fe-rich amphibole, and corundum.
Epidote is a common subs01idus phase in the tonalites and granites, found intergrown with biotite in elongate, biotiterich aggregates. The epidote is commonly large and subhedral, with euhedral crystal faces against biotite, and allanite cores are locally observed. However, it cannot be clearly demonstrated in thin section that epidote and biotite were in equilibrium with a melt phase (counter to arguments by Sams [1986] ). Lowertemperature, postdeformational alteration has produced white mica and chlorite throughout the study area. Polished rock thin sections were carbon-coated and analyzed on a JEOL 733 electron microprobe fitted with five wavelength spectrometers. The accelerating voltage was 15 keV, the probe current was 25 nA •measured on brass), count time was 60 s, and the probe diameter was 10 }.tm. Element standards were wellcharacterized silicates and oxides, and the data were corrected using the "CITZAF" correction program [Armstrong, 1988] . In an attempt to measure equilibrium compositions in coexisting phases, rim analyses were emphasized. From each of three different sites on a section where the requisite phases were in mutual contact, at least three rim spots were analyzed for each phase; the 10 }.tm-diameter rim spots were usually centered about 10 }.tm from the rim. Compositions were averaged for each site, and the site means were averaged for the entire thin section to yield the results reported in Tables in the cores than in the rims. Among both metaigneous types, substantial differences in hornblende compositions within one slide were observed, dependent on the adjacent phases; however, these variations are largely nonsystematic. One notable contrast is in Fe2+/(Fe2++Mg) of hornblende adjacent to garnet as compared to matrix hornblende: this ratio is higher adjacent to garnet in three samples (PC107a, "CORE", and GC-46) but lower in two (TC-2a and TC-83 from the Tunis Creek metagabbro). These differences are likely preserved because of the lack of mesoscale equilibrium during the metamorphic garnet-forming event; igneous hornblende compositions are probably retained away from the garnets.
Hornblende compositions were also measured in unmetamorphosed tonalires and granodiorites which contained assemblages appropriate for Al-in-hornblende igneous barometry.
These compositions range from magnesiohornblende in sample BM149 in the north (Figure 1 ) to ferroan pargasite in the main study area (Figure 2 ). A1T in these hornblendes is generally high, although not as high as in the metaigneous rocks.
Biotite
The biotites have a fairly wide range of compositions (Table  3) , with Fe/(Fe+Mg) ranging from 0.43 to 0.69 and Ti from 0.14 to 0.39 atoms per 22 oxygens. There is considerable overlap in compositional parameters between metatonalites and metasediments, so that gross lithologic differences do not alone account for .the biotite variability. Zoning, where present, is quite limited in the biotites. 
Plagioclase
In the paragneisses and metatonalites, plagioclase anorthite contents (Table 4) are relatively low, in the range An22-38, while in the metagabbros, they span An33.74. The two easternmost metagabbros, GC-46 (Liveoak Canyon) and GV-la (Grapevine Canyon), have An contents that are markedly lower than those from the Tunis Creek metagabbro. In metaigneous rocks, plagioclase measured away from garnet most likely reflects primary igneous compositions. It is notable that throughout the study area igneous plagioclase commonly displays patchy "smoothing" of oscillatory zoning patterns, indicative of limited, near-or subsolidus, internal reequilibration.
Zoning is preserved in metaigneous plagioclase but not in the paragneisses. In metaigneous samples for which cores were measured, all but one (GV-2) have cores more calcic than rims, with the contrast being more marked among the metagabbros. This effect is probably mainly due to inheritance from igneous conditions, with growth of adjacent garnet affecting only the rims of relict igneous grains. [Graham and Powell, 1984] were applied to five metagabbros and two garnet-bearing tonalites (Table 5 ). The three samples from the Tunis Creek metagabbro gave very similar temperatures of 580ø-590øC, while the other two metagabbros, GC-46 from Liveoak Canyon (760 ø) and GVl a from Grapevine Canyon (700ø), record significantly higher temperatures. This difference is substantiated by the aforementioned observation that Fe2+/(Fe 2++Mg) in hornblende is lower adjacent to garnet than in the matrix for the Tunis Creek samples (TC-2a and TC-83) but not elsewhere. That is, Tunis Creek hornblendes have exchanged more extensively with garnet because they equilibrated at lower temperatures. Garnet core-matrix hornblende temperatures are also shown in Table 5 , but these are not considered reliable indicators of early conditions because of possible diffusion effects (see above) and the possibility that localized garnet growth precluded any equilibrium with matrix hornblende. If the matrix hornblendes had been in equilibrium with garnet early on, the abundance of hornblende would buffer it against effects of diffusion out of garnet, meaning that the core-matrix temperatures would be minima for early conditions. Two tonalites (PC107a and "CORE") from the Pastoria Creek quartzofeldspathic gneiss unit give garnet-hornblende temperatures (6900-700 ø ) similar to those in non-Tunis Creek metagabbros. These are lower than tonalite solidus temperatures and suggest a mechanism for garnet growth similar to that in the gabbros. Chipera and Perkins, 1988] . A large part of the uncertainty arises from the probability of diffusional modification of Fe/(Fe + Mg) patterns in garnet and biotite. We therefore consider most of our calculations to provide rough estimates of minimum temperatures achieved. In Table 6 The letter "h" indicates touching hornblende and garnet, except GC-33 with no garnet; "b" indicates touching biotite and garnet; "ng" indicates not touching garnet; "ng,b" indicates not touching garnet or biotite. Cations corrected to 8 oxygens. Such a large pressure difference within the study area, among units with no discernible major tectonic boundaries, is somewhat surprising. The low slopes of lines of equal lnKeq in Figure 7 show that temperature variations cannot be responsible for disparate pressure determinations. One way to evaluate the validity of the high pressures is to calculate pressures based on pairings of mineral compositions (rim, core, or matrix) that would give the lowest possible result (highest-Ca plagioclase and lowest-Ca garnet). Such calculations for the four high-P samples yield 9.0 ("CORE"), 8.0 (PC107a), 6.1 (GV-la), and 5.0 (GC-46) kbar. Only in the case of GC-46 is this pressure indistinguishable from the low Tunis Creek pressures, and it is based on only one measured point in one plagioclase grain. As mentioned above, cores of plagioclases that display marked zoning (such as GC-46) most likely reflect igneous conditions; this is particularly expected since we have measured them only in the rare spots where hornblende, which is being consumed, survives next to garnet. Therefore we attach little significance to pressures calculated using plagioclase cores or in the matrix. (Such core-matrix pressures are shown in Table 5 , and they show no particular pattern: they are within +1 kbar of rim results.) We thus conclude that the low-pressure/high-pressure dichotomy among the samples, as shown by the rim calculations, is a real effect.
Garnet-biotite-(muscovite)-plagioclase-quartz. kbar) and 80-301 (779øC, 8.1 kbar); he did, however, express some doubt that the muscovite in this assemblage is an equilibrium phase. In the present study, as well as in that of Sams [1986] , there are no observed samples with strong textural evidence for equilibrium among all these phases. However, Hoisch [1990] has proposed six empirically calibrated geobarometers utilizing such assemblages with or without muscovite. We have applied the two muscovite-free reactions (R1 and R2), combined with the garnet-biotite geothermometer described above, to our samples and the two Sharry [1981] samples (Table 6 ). Figure 8 shows P-T lines for the barometric and thermometric expressions for two samples; there is a stronger temperature dependence of calculated pressures than for the garnet-hornblende-plagioclase-quartz barometer (Figure 7 ). For two samples, PC107a and "CORE", we can compare the garnet-biotite-plagioclase-quartz results to those based on the garnet-hornblende-plagioclase-quartz geobarometer. Pressures from the former reaction (17.4 kbar for PC107a, 12.7 kbar for "CORE") are 9.2 and 1.8 kbar higher than those from the latter. The biotite compositions and equilibrium constants for these two metatonalites lie outside of the recommended ranges for the Hoisch [1990] barometers, and the calculated pressures are well outside of Hoisch's calibration range. We therefore prefer the garnet-hornblende-plagioclase-quartz results for these samples. These discrepancies again point to the potential difficulties of applying to metaigneous rocks thermobarometers developed for pelitic rocks.
Metatonalites GV-2 and 80-301, along with the paragneisses, do lie within (or nearly so) Hoisch's compositional ranges, and we therefore consider their results to be more realistic (although the higher pressures are still on the margins of Hoisch's calibration range). Pressures for these four samples (boxes in Figure 9) (Table 7) ; however, these high igneous pressures are also found near the four low-pressure metamorphic sample localities in the Tunis-E1 Paso Creeks area (Figures 9 and 10) . Temperatures do not follow systematic areal patterns, except for garnet-hornblende results, which are 680ø-760øC in the higher-pressure rocks and ~580 ø in the lower. Preferred garnetbiotite temperatures are 570o-790 ø for rim pairs, the large range probably due to reequilibration on cooling, but also perhaps to GC-33 õ granodiorite 9.3 *Garnet-hornblende and garnet-hornblende-plagioclase-quartz thermobarometry (Table 6 ) and garnet-hornblende-plagioclase-quartz-H20 for H20 activity [Ghent, 1988] .
?Garnet-biotite and garnet-biotite-plagioclase-quartz thermobarometry (Table 7) 
Estimated Fluid Compositions
We have calculated H20 and CO2 activities for some of the samples utilized for pressure and temperature calculations (Table 7) 6 tremolite + 21 anorthite = 11 grossular + 10 pyrope + 27 quartz + 6 H20 [Ghent, 1988] . We report results using Ghent's coupled substitution tremolite activity model because it always results in higher XH2 o, meaning our estimates of XH2 o (Table 7) are maxima. Taking into account temperature and pressure uncertainties, X H 20 in the five metagabbros is limited to <0.2. Large uncertainties for the metatonalites (PC107a = 0.05-0.4; "CORE" = 0.1-1.0) preclude meaningful estimates. Cosca et al.
[1991] point out potentially serious sources of error in such aH20 calculations due to uncertainty in tremolite activity models and OH site occupancy. Nevertheless, the low H20 activities calculated for the metagabbros are not unreasonable considering that garnet appears to grow at the expense of hornblende (Figure 5 ), resulting in a net dehydration. While it is possible that the low H20 activities could result from the absence of fluids, the appearance of garnet in veins, fractures, and specific textural zones and the scattered occurrence suggest that fluids were present and that they in fact provided a kinetic impetus to the garnet-forming .reaction. We therefore tentatively conclude that the appearance of garnet in these rocks resulted from a subsolidus, channelized, nonpervasive influx of CO2-rich fluids. More direct evidence for fluid compositions awaits'further study. The apparent 4-kbar garnet-forming event (Tunis Creek) is superimposed on an area that bears evidence for intrusion at 8 kbar, and high-pressure intrusion and metamorphism are found both to the north and southwest of this zone (Figures 9 and 10) . There is no field evidence for major structural breaks bounding this apparent low-pressure zone. Because we must consider the 4 kbar pressures to be minimum estimates (see above), our interpretation of a separate low-pressure event is preliminary. If valid, these pressures imply localized metamorphism after the entire crystalline complex had been uplifted from ~30 km depth to ~15 km, perhaps due to a channelized influx of CO 2-rich fluids. Such fluids are considered by some [e.g., Newton, 1989 ] to be a fairly common, though not ubiquitous, feature of the lower crust. Overall, calculated fluid compositions are variable, arguing against any large-scale, pervasive fluid influx. In fact, the lack of widespread granulite grade assemblages demonstrates that low H20 activity is not a characteristic feature of the complex. [1988], who summarize arguments for rapid uplift following metamorphism (pre-70 Ma) for other Rand-Orocopia-Pelonatype schist localities.
May [1989] has proposed a model of synplutonic Late
Cretaceous tectonism in southern California related to westward transport of a segment of the magmatic arc, now exposed in Salinia, along major low-angle faults. In the context of his model, the higher-temperature, steeply dipping synplutonic deformation in the Tehachapi Mountains could be a manifestation of tectonism on the periphery of this "westward escaping arc segment." Initial underthrusting of the Rand Schist, had it indeed followed soon after Tehachapi magmatism, may also have resulted from these events. Subsequent uplift could then have resulted from isostatic adjustment after major underthrusting of the low-density metasedimentary rocks [Sharry, 1981] . Therefore it is possible that uplift of the highpressure rocks of the Tehachapi Mountains was a manifestation of an extensional event following crustal thickening, and some of the mylonitic features of the range (the kinematics of which lack detailed study) may result from this later event.
Role of low-angle faults. These proposed temporal relations (thrusting and some uplift before 87 Ma) contrast with those deduced by Silver and Nourse [1986] for low-angle faulting affecting the Rand Schist in the Rand Mountains, about 50 km east-northeast of our main study area after removing 50 km of left-lateral offset on the Garlock fault [Ross, 1989] While it is true that there is an appreciable amount of gabbroic and dioritic rock at small and large scales, this component has perhaps been overemphasized [Hamilton, 1988; Ross, 1989] SUMMARY AND CONCLUSIONS 1. The 115-100 Ma intrusive rocks of the Tehachapi Mountains were emplaced at depths of ~25-30 km, making them the deepest exposed known members of the Cretaceous Sierra Nevada batholith. These rocks represent the culmination of a regional-scale, oblique exposed section through the batholith in its southern half .
2. Localized subsolidus metamorphism of these intrusive rocks, as well as metamorphism of framework sedimentary rocks, occurred at these same pressures (i.e., ~8 kbar) at >700øC. Our preliminary interpretation of low-P results from the area between Tunis and E1 Paso Creeks implies a second, local metamorphic event after an apparent ~15 km of uplift at ~600 ø. Garnet-forming reactions in the metaigneous rocks formed by the action of nonpervasive, channelized flow of generally CO2-rich fluids. More detailed metamorphic and geochronologic study is required to fully elucidate the pressuretemperature-time sequence of the complex. The crystalline rocks of the Tehachapi Mountains do not properly constitute a "granulite" terrane, as most orthopyroxene occurrences are of igneous origin.
3. Assuming that our interpretation of the 4-kbar event is correct, uplift from 30 to 15 km deep followed soon after intrusion and 8-kbar metamorphism and was probably completed by ~87 Ma; this implies a minimum uplift rate of 1.2 mm/yr. Uplift to surface conditions was completed by ~52 Ma. 6. At 30 km depths, the Sierra Nevada batholith is still rich in quartz. This allows for a wide temperature range under which conditions are favorable for ductile deformation and possible delamination of the young batholithic crust. Thus the middle to deep batholith may prove to be a common site of major tectonic disruption and transport.
